Although trypanosomatids are known to rapidly transaminate exogenous aromatic amino acids in vitro and in vivo, the physiological significance of this reaction is not understood. In postmitochondrial supernatants prepared from Trypanosoma brucei brucei and Crithidia fasciculata, we have found that aromatic amino acids were the preferred amino donors for the transamination of a-ketomethiobutyrate to methionine. Intact (8, 9) . To date, the aromatic amino acid transaminase has been purified from C. fasciculata (10) and T. cruzi (9), but little has been done beyond confirming that the purified enzymes transaminate tyrosine, phenylalanine, and tryptophan when using a-ketoglutarate, pyruvate, or oxaloacetate. The purified enzymes also were found to have a broad resemblance to mammalian tyrosine transaminase.
including tyrosine, phenylalanine, and tryptophan, when incubated with a-ketoglutarate or pyruvate. Since that time, this transamination phenomenon has been subject to extensive study and speculation. Constantsas et al. (2) (4) . In vivo experiments in acutely infected mice or chronically infected Microtus montanus clearly showed that African trypanosomes produce transamination metabolites in sufficient quantities to lead to aromatic acidemia and elevated urinary excretion of aromatic keto acids (5) . This rapid utilization of aromatic amino acids was also visibly associated with a large drop in the free serum levels of these amino acids and alterations in host metabolism of phenylalanine (5) . In (7) , and Trypanosoma cruzi (8, 9) . To date, the aromatic amino acid transaminase has been purified from C. fasciculata (10) and T. cruzi (9) , but little has been done beyond confirming that the purified enzymes transaminate tyrosine, phenylalanine, and tryptophan when using a-ketoglutarate, pyruvate, or oxaloacetate. The purified enzymes also were found to have a broad resemblance to mammalian tyrosine transaminase.
Despite the extensive research into this transamination process, the physiological reason for the reactions remains unknown. Seed et al. (5) (11, 12) favor the idea that the conversion of aromatic keto acids to aromatic hydroxy acids allows for reoxidation of cellular NADH for use in glycolysis. As will be discussed, both of these arguments have serious weaknesses. In this report, we provide direct evidence that T. b. brucei and C. fasciculata transaminate aromatic amino acids to regenerate methionine from a-ketomethiobuytrate (KMTB), an end product of S-adenosylmethionine from the synthesis of polyamines.
MATERIALS AND METHODS
Parasites. Bloodstream forms of T. b. brucei S427/118 were obtained from infected, male, Sprague-Dawley rats (Charles River Breeding Laboratories) by the method of Lanham (13) . C. fasciculata was grown in undefined medium as described in Kidder and Dutta (14) . The (16) . In addition, omission of exogenous tyrosine from control or SHAM-treated cells had no effect on the amount of pyruvate produced. These results were confirmed by measurements made by gas chromatography and HPLC of a-keto acids (data not shown). As very little HPLac was produced in the presence or absence of SHAM, and exogenous tyrosine had no (Fig. 1) . Time course studies demonstrated that the initial linear phase of the reaction lasted from 15 to 60 min depending on the amino acid substrate provided (data not shown). Therefore, all further characterization was performed using 15- Physiological Relevance. The conversion of KMTB to methionine is the last step in recycling from MTA, the immediate product of decarboxylated S-adenosylmethionine during poly-__.___ ___--____J V-__-_ ______ -_ _^_ _ amine synthesis (Fig. 2) (20) , and plants (21, 22 polyamines for their intrinsic biochemical functions, but also for the biosynthesis of trypanothione (N1,8-bisglutathionylspermidine), which is the functional homologue of glutathione present only in these parasites (24) . The (17, 18) . In parasitic systems, a fully functional methionine recycling pathway has never been directly demonstrated but can be inferred from several studies. MTA phosphorylase has been discovered in T. b. brucei (25) , L. donovani (26) , and T. cruzi (27) , and it has also been shown that KMTB can replace the requirement for methionine in the in vitro growth of T. b. brucei (28) . In Plasmodium falciparum, Riscoe et al. (29) have found other enzymes that convert MTA to methylthioribose phosphate. In addition, both T. b. brucei and P. falciparum have been shown to be susceptible to growth inhibition by analogues of MTA (28, 30) . In the present study we have directly demonstrated the existence of a methionine recycling pathway from MTA in trypanosomatids and have shown that the well-known phenomenon of trypanosomal aromatic amino acid transamination is involved in the last step of this methionine recycling.
Previous theories for the function of trypanosomal aromatic amino acid transamination have included reoxidation of NADH for glycolysis (11, 12) and the production of transamination end products as biological mediators (5) . The former idea suffers from the fact that trypanosomatids contain the enzyme GPO, which specifically and efficiently reoxidizes NADH for glycolysis (16 It is certainly possible that the parasites may use aromatic amino acid transamination for the production of other amino acids. T. b. brucei produces large amounts of pyruvate (16) , and C. fasciculata produces some a-ketoglutarate, which might be amino acceptors for transamination. Indeed, T. brucei is known to produce some alanine in vitro (31) , and the purified C. fasciculata and T. cruzi aromatic amino acid transaminases function with pyruvate, a-ketoglutarate, or oxaloacetate (9, 10 In terms of chemotherapy, the current findings suggest that host-parasite differences in the transamination of KMTB may be exploitable. Blocking parasite uptake of aromatic amino acids, or the use of analogues of KMTB or aromatic amino acids, may lead to methionine limiting conditions in the parasite. In combination with ornithine decarboxylase inhibitors (32), S-adenosylmethionine decarboxylase inhibitors (33) , and MTA analogues (28) , inhibition of the conversion of KMTB to methionine should have strong synergistic effects in trypanosomatids, as all of these mechanisms appear to act by preventing synthesis of polyamines. The available literature also suggests that such an approach would be successful in the treatment of malaria (30) .
